but his stomach chums the pieces still smaller, and sends it back into his mouth to be re-chewed. He provides digestive enzymes of his own, but has to depend largely on bacteria to break down the cellulose, and the gases that are produced by this constant hydrolysis keep him belching and rumbling when he is not chewing or defxecating. All the way through his alimentary canal he is trying to extract more nourishment from this food mass, and he needs an enormous colon to store it in its onward passage. Even when he has finished with it, he has by no means exhausted its food value as the sparrows that follow the cart-horse, and the fish that swim round the hippopotamus testify. He is defecating at intervals all day, and, since he has many enemies from whom he has no protection but flight, he must be able to deftecate in a hurry.
The digestive system is the prototype of the modem factory. The owner thinks he is running the show, but his function is limited to ordering bulk supplies, and disposing of output and he has little control over the departments, and knows little of what goes on in them unless there is a strike. Each department carries out one stage in the process with which the factory is concerned. During working hours the doors are shut, and though it can communicate with those on each side of it, it does not usually do so. It passes on the material at a certain stage to the next department, and repeats the same job till the whistle goes. The doors that separate the four departments of the nutrition factory are the pharyngeal, the pyloric and the ileo-cwecal sphincters. In conditions of health each of these lets nothing through till it is ready for the next process, and lets nothing back once it has been passed through.
FUNCTIONS OF THE LARGE BOWEL IN VARIOUS MAMMALIAN SPECIES
I have often protested, not against animal experiments, but against the facile way in which conclusions derived from these experiments are applied to human therapeutics. I mistrust in particular analogies drawn from experiments on the digestive system, for the material to be digested and the processes by which it is digested differ profoundly in each species. Most unsound gastric surgery is based on experiments on the dog, a creature whose stomach is designed to deal with enormous meals of raw meat, obtained at long intervals and bolted unchewed. The differences between the alimentary canals of different species is most marked in the large bowel, and though all mammals have the same complete segregation between the intestinal and colonic phases of digestion, the enormous length and diameter of the colon in the herbivore and the special development of the caecurm, point to a function differing profoundly from that of the carnivore and omnivore.
Man is omnivorous, and his teeth and his colon link him more nearly with the carnivora, or it would be safer to say distinguish him from the herbivora and separate him profoundly from the graminivora. His forbears were hardly beasts of prey, but they probably caught some of the smaller animals, and lived on eggs, birds, fish, nuts, grain and fruits.
In man the food arrives in the cxecum as a creamy fluid usually containing no macroscopic solid particles. The ileal efflux consists of 90% water, together with a small amount of the unabsorbed products of the digestion of proteins, fats and carbohydrates, as well as indigestible meat and vegetable fibres, bacteria, mucus and shed epithelial cells. In the cxcum and ascending colon some of the water and the remaining soluble products of digestion are absorbed, and the bowel content, by the time it reaches the proximal end of the transverse colon, has become recognizably fecal; that is, it has been changed from a liquid to a soft solid mass, but the final fecal consistency is not attained till the pelvic colon. From the transverse colon onwards the function of the large bowel appears to be to store the residue, to prepare the frecal mass by abstracting more water, and to pass it on for evacuation. There is no further mixing in this onward passage, and after a melena or a dose of charcoal it is not uncommon for a bicoloured stool to be passed, a sharp line dividing the normal-coloured portion from the black. The last function of the colon is deflecation, an act that is done naturally, reflexly, frequently and with evident enjoyment by most animals; but that in man and the dog has been so conditioned by early training to fit social customs and notions of decency and hygiene, that it is performed in guilty seclusion with considerable difficulty. Of the 500 c.c. that entered the cecum, 100 c.c. have finally been discarded as a stool which still contains about 60% of water, and about half of whose solid content consists of bacteria.
The storage of the remains of a meal, for evacuation at intervals and at a convenient time and place, is one of the main functions of the large bowel, but in man and the carnivora, where the amount to be stored is small, not one of preponderating importance. In the herbivora, the colon serves not alone as a storehouse for the large amounts of only partly digested food residue that reach it from the small intestine, but as an incubator where bacteria continue the process of breaking down cellulose into soluble carbohydrates. In addition the colon of the herbivorous animal must prepare the final residue in a form suitable for instant evacuation. It is typical of the herbivora, particularly those who must
Proceedings of the Royal Society of Mledicine 8 be prepared at any moment to seek safety in flight, that their motions are lying ready in round pellets that can be shed at the first note of alarm, or dropped while running at full speed. Any hunted animal who was obliged to strain, with arched back, closed glottis and a far-away look in the eyes, to expel the pultaceous contents of several feet of colon as a single elongated motion, as do the lion, the dog, and man, would be an easy prey to the hunter.
To extract nourishment from grass or leaves is a whole-time job, and even with the aid of mechanical grinding, digestive ferments, and bacterial action, the extraction is never complete. The faeces of carnivora are of little interest to other animals but those of the herbivora still contain abundant nourishment for other creatures, or even for the animals themselves.
In some instances the young are fed this way. The infant Koala bear, when it feels hungry, prods its mother's abdomen as it lies in her pouch, and forces out a motion which it proceeds to eat. In the rabbit the whole of the food eaten passes twice through the alimentary canal. The meal is taken into the fundus of the stomach, and thence passes down the small intestine into the capacious ciecum, where it is stored in the blind end and undergoes bacterial digestion. Some twenty hours later the cacum contracts and its contents are rapidly passed down the colon to the anus, where they appear as "night faeces", white pellets that are smaller, moister and softer than the familiar black day faces of the rabbit, and are coated with mucus. These night faeces are not passed, but are taken by the rabbit direct from the anus, swallowed without chewing, and stored in the cardiac end of the stomach while the main meal is eaten. When this meal has passed on to the small intestine, the night pellets enter the fundus of the stomach. The abundant bacterial protein they contain is absorbed in the intestine, the water is removed in the colon, and the residue is dropped as day faeces.
DEFRECATORY HABITS IN ANimALs
The facal mass is the daily record of the presence of an animal at a certain spot and a certain time. It is visible, odorous and abiding. It is the hall-mark of the species to the hunter, the visiting-card of the individual to another of the same species. . It is natural therefore that defaecation should be the subject of customs and habits among animals, of rites and beliefs among men.
The native hunter knows the droppings of every creature, and he can tell from their character and temperature the age of the owner, whether he was serene or disturbed, and how long ago he passed by. Yet few animals conceal their droppings. The dick-dick, the smallest of the antelopes, always scratches a small hole into which he deposits his faeces, but the concealment is most ineffectual. The rhinoceros always defaecates in the same place. which is commonly recognized by hunters as a rhino-midden. Several rhinos may use the same midden. After defacation they invariably kick out backwards to scatter the faeces, using powerful strokes of the back legs, which in time wear a couple of trenches in the ground. This scattering of the faeces, or of earth over the faces, can hardly be an attempt at concealment, for it is a habit of attackers, particularly the cat tribe. The rhinoceros is herbivorous, but being heavily armoured and extremely stupid he attacks everything he can hear or smell. The impala, the most graceful of living creatures, leave their droppings in a communal place, but, apart from them, the group of antelopes, the horse tribe, the giraffe, the cow, the buffalo and the elephant defacate anywhere. In animals living in a nest, a lair or a burrow, defacation away from their home is an obvious hygienic necessity.
An important use of the excretion in the animal world is to convey messages, greetings and welcome to friends, warning to rivals. The only likely explanation of the incessant urination of the dog, that characterizes his wanderings but not his home life, is that as a pack-hunting animal he uses this means to allow his group to follow his movements. Solitary feeders, whether carnivora or herbivora, tend to confine their operations to welldefined territories, which they claim as their own and are prepared to defend against all rivals. Professor Hediger of Basle has made a special study of the organization of these territories among mammalia, and points out that, while among birds the claim to priority is acoustic (that first fine careless rapture of the thrush means no more than "you come into this garden and T'll peck your eyes out"), among mammals territory boundaries are usually marked by smell. Many creatures have special smell glands, placed on the head, or near the anus, which they rub against branches round the borders of their feeding grounds. The bear uses urine. The hippopotamus marks his territory with feces, and has developed a special mechanism, a backward pointing penis and a fanned tail which he waves vigorously to scatter the mixture in as wide an arc as possible.
DEFAECATORY HABITS IN THE RACES OF MANKIND
Man, as soon as he learned to reason at all, must have been interested in his faeces, as the one part of him that was discarded daily. He must have noted the variations that accompanied ill-health, the looseness that followed a bellyache or an experiment with a new food, the cessation that presaged death, and have observed that insect plagues and pestilences harried especially those that allowed fical soiling round their habitations. Early medicine is largely concerned with casting out evil spirits by emetics and purges, and early tribal law with hygienic rules for the disposal of excreta.
The instinctive reaction of man to his own excreta and their odour is one of disgust, a feeling that the excreta of domestic animals, which also smell, but differently, do not arouse. All the African races abhor faeces and everything connected with them. The native African, however poor and however menial his occupation, will never clean a lavatory, a task that in Africa must be undertaken by Europeans or Indians. The Bantu races indeed have a horror of defaecating in a house at all, and regard the European practice of building lavatories inside their homes as something unspeakably repulsive. They can hardly be persuaded to use these foul contrivances, even in hospital, and when they do they stand on the seat and defeecate in the squatting position, which is normal to all native races, and having finished drop the stone they have brought to clean themselves into the basin, with the results to the seat and the drain-pipes that can be imagined. The Mahommedan is particularly obsessed with the need to avoid feecal soiling and will always use his left hand for cleaning; he will offer this hand to another only as the deadliest insult known to him. Asiatics usually go to the fields, and take a bowl of water to cleanse themselves. The tribal African when ill brings a chicken to his medicine man to buy a purge or an enema. The society matron lays in stores of health salts claiming to give "inner cleanliness", pays her weekly visit to a colon parlour, or spends her yearly vacation at a Health Clinic.
Experience has taught those races who have learnt to profit by it two things about feces, that they have a high fertilizing value, and that they may spread disease. The Chinese, who have contributed more to world culture (as distinct from material progress) than any race, distribute their excreta over their fields, after much thought and discussion, according to the needs of their crops for manure. The same habit among the Maltese led to a serious outbreak of ameebic dysentery during the late war.
Many native races on the other hand developed the latrine system at a time when the habits of Europeans were indescribably filthy. The first explorers to reach New Guinea found that all villages had pit latrines 30 to 40 feet deep, too deep for hookworms to get to the surface or for flies to get down. Captain Cook remarked on the cleanliness of these savages at a time when the inhabitants of London and Paris were emptying their slops out of the windows into the street below. The Maori villages had communal latrines some distance away, often placed on the edge of a cliff and concealed by creepers. Hygienic practices, such as those outlined in the Old Testament, develop slowly over the centuries, and are lost when the tribal organization that created them breaks up. The Elizabethans were probably much less fastidious than the Ancient Britons. The Southern European transplanted to Africa, sheds the cleanly habits of civilization and fails to acquire those of the native.
THE HISTORY OF THE ENEMA When we realize that man has associated his motions with his health from dim antiquity, it is not surprising to find that the oldest therapeutic device in the world is the enema.
There is to-day no race so primitive and so sequestered that rectal lavage is unknown to them. Herodotus tells us that the ancient Egyptians maintained their health by giving themselves an enema at every cycle of the moon. The Ebers papyrus gives prescriptions for enemata and directions for giving them. Pliny goes further and says that the Egyptians learned the habit from the Ibis, which stands on the banks of the Nile and "washes the inside of his body by introducing water with its beak into the channel by which our health demands that the residue of our food should make its exit". Hippocrates advised enemata of honey and ox-gall, both much more up-to-date prescriptions than those in vogue thirty years ago.
The methods used to-day for giving enemata by the primitive races are very similar. All are remarkably traumatic, and the number of unrecorded deaths in the wilder regions from perforation of the pouch of Douglas probably exceeds those from duodenal perforation in the world's capitals. The commonest device is a cow's horn, with the tip sawn off or drilled. The patient sits in a swiftly running stream, inserts the tip of the horn into his anus, and allows the water to flow in under pressure; when he feels full he withdraws the horn and expels the contents of his bowel into the stream. Alternatively the horn may be filled with some herbal concoction, usually very hot, and, after inserting the point, the medicine is blown in by the witch doctor or a friend. Hollow reeds were also used, particularly for children. A common form of enema syringe described by Hippocrates but still used to-day in many parts of the world, is an animal bladder (usually that of a pig) lashed to a hollow reed: this instrument is filled by gravity and emptied by manual pressure.
Proce3edings of the Royal Society of Medicine
The syringe was first described by Mario Gatenaria in the fifteenth century and was developed by de Graaf, who first gave it a curve, and finally designed an instrument fixed on a stool which the patient was able to manipulate himself. In the seventeenth century the enema became both popular and fashionable, following the lead of Louis XIV who used it frequently. In France at this period the enema became so common that it was a familiar subject for cartoons, and was introduced by Moliere into his play "Le malade imaginaire". Every well-established house had an enema stool by the fireside, where it was used with complete openness by everyone in turn.
Where do we stand to-day? The old taboo that the large bowel and its contents are unclean remains the fundamental belief of the populace, one on which the fortunes of the manufacturing chemist, the nature healer and every quack, qualified and unqualified, are founded. On every hoarding we'read "inner cleanliness comes first", on the back of every bus we are abjured "when nature forgets, remember!" In our newspapers -we are addressed with affectionate concern "Don't let constipation rob you of your priceless gift of health".
It is natural that this sort of appeal is most likely to succeed among the lower intelligence grades, and a very good index to the standing of a journal is the number of laxative advertisements it contains. A survey on self-medication undertaken during the war revealed that purgatives greatly outnumbered all other self-prescribed and self-administered remedies, and that the amount of self-medication varied inversely with the education and intelligence of the group under investigation, but colon hysteria is not limited to the poor in purse or in wits. Colon parlours, nature cure homes and Continental clinics flourish on the patronage of wealthy and aristocratic coprophobes.
Surgeons cannot exonerate chemselves from guilt. Lane, the founder of modern orthopaedics, when he forsook bones for bowels, started a racket that is not dead yet. Those who knew him know that he was entirely sincere, and when he spoke of "the large bowel or cesspool of the intestinal tract" he believed that he was showing the human race the pathway to renewed health. Many of those who followed his lead were equally sincere or at any rate were mesmerized by his burning faith into a belief that the colon is evil. But colectomy for "stasis" and the colopexy which followed it and still survives to some extent, must be remembered among the more discreditable adventures of surgery.
THE MODERN OUTLOOK
The modern outlook is to accept the colon as a normal and necessary part of the human digestive system, designed by evolution to fit the needs and the dietary of homo sapiens as a salvage and disposal plant, sifting the residue of digestion for anything that can usefully be kept and passing the rest on. We doubt the existence of constipation as a disease, but look on it rather as a colonic laziness that springs from mental laziness and that can be corrected by effort. We do not accept a rigid time-table, but think that if a man's bowels do not work at the usual time it is because they do not want to do so, and as soon as they do they will: till that time comes it is better to carry the stigma of constipation than to offer the insult of purgation. We believe that all aperients, by hurrying the natural procession and hindering the absorption of nutriment and water, increase the bacterial pabulum and therefore the bacterial population of the bowel. We. hold that the only people who are harmed by constipation are those who believe the advertisements and develop a lavatory neurosis.
Have we perhaps overdone our negation? Are we right in assuring ourselves that the colon can do no wrong? The bacterial inhabitants of any particular colon have not been selected by their host, but got there by chance and stayed there by their ability to subsist on what nourishment reached them, to survive in competition with others using the same board and lodging, and to withstand the antibodies and the phagocytes of their host. They are not a standard assortment but their grouping may be changed by any fresh entrant or by any change in diet or habits. Very few people who served in the Middle or Far East during the recent war have returned with the same bowel habit which they had before. Even though they never suffered from clinical dysentery, the majority have looser stools and more frequent evacuations than they had before and most feel better for it. During the German occupation of the Channel Islands the inhabitants lived on ffieagre fare. They lost weight and they had several semiliquid motions a day but they felt well. During this time appendicitis, asthma and duodenal perforations vanished. With liberation the once a day habit returned and appendicitis once more became common. One island doctor who suffers from erythema multiforme has never passed a year free from an attack with the exception of these four years of altered colon habit. Striking examples of the way in which a change of colonic flora may affect health are constantly coming to light. A year ago a man of 65 was admitted to hospital suffering from intestinal colic and distension. Since a resection seemed probable he was put on a course of Sulfathalidine and vitamin K.
He escaped operation and his psoriasis which had been present in large patches in both thighs for forty years and had resisted all the wiles of the dermatologist, cleared up entirely and has not reappeared. That a diseased colon may give rise to distant lesions is well known: the dermatitis that may be seen in-ulcerative colitis clears up as soon as the colon is removed, usually after ileostomy alone; the arthritis that accompanies amoebic dysentery is cured by elimination of the protozoa.
THE PHYsIoLoGY OF NORMAL DEFECATION The innervation of the large bowel resembles that of the rest of the abdominal part of the alimentary tract, the sympathetic system stimulating movement, the parasympathetic system inhibiting it. Alvarez' law of the intestinal gradient applies also to this part of the intestine, the upper parts having greater tone and a greater rate of rhythmical contraction than the lower parts. The right colon churns and mixes, the left as far as we know undergoes only two or three contractions a day. These movements, when they are going smoothly, are not represented in consciousness. It is only in the last function of the alimentary canal, as in the first, that conscious participation in an act that is largely reflex is resumed.
Normal defaecation has two aspects, the call to deftecation and the act of defecation. Some stimulus, that may be emotional but is never voluntary and is usually some physical circumstance such as a hot drink, the first meal of the day, or in many the change from the horizontal to the upright posture, originates a wave of peristalsis in the distal colon that forces some ftcal matter into the rectum, and, by distending it, starts the defmcation reflex and the desire to accomplish deftcation. The act is performed by taking a deep inspiration to depress the diaphragm, closing the glottis to hold it down, flexing the spine to approximate the thoracic margin to the pubis, and contracting the abdominal muscles. The effect of these actions is to depress the hepatic and splenic flexures and transverse portions of the colon, to shorten the ascending and descending portions and to subject the whole to a greatly increased intra-abdominal pressure. At the same time the sphincters are relaxed, and the whole distal colon undergoes a wave of mass peristalsis, emptying its contents from the splenic flexure onwards into the rectum. The act is finished by contraction of the levatores ani drawing the still relaxed sphincters up over the tail of the faecal mass.
This act of defaecation involves two mechanisms, the involuntary and the voluntary, and each mechanism has two opposing functions, the prevention of evacuation when it is not timely and its facilitation when it is.
There is a reciprocal relationship between the rectal walls and the internal anal sphincter which is the lowest part of the circular muscle coat of the rectum. The internal sphincter is normally in a state of tone, sufficient to guard against the expulsion of contents when they are fluid or gaseous, or when the intra-abdominal pressure is suddenly raised by coughing, sneezing or abrupt movements. The sphincter relaxes when the rectal walls contract in response to the defaecation reflex. The nervous mechanism for this reciprocal innervation appears to be solely in the peripheral nervous plexus-of the rectal wall. Thus automatic rectal continence depends upon the plastic adaptation of the rectal walls to the enlarging fiecal mass, and when the walls are stretched to a certain point, or at more than a certain speed, they are stimulated to contract while the sphincter relaxes. This automatic defication occurs after transection of the cord in the lumbar region or after destruction of the lumbar and sacral cord. The preservation of the reflex centres in the sacral portion of the cord brings, according to Denny-Brown and Graeme Robertson, "a progressive character and greater fusion to the rectal contractions". Reflex deftcation in the intact animal can be suppressed by voluntary control or stepped up by voluntary effort into the full act of normal defiTcation.
Voluntary control depends upon the contraction of the external sphincter ani. This remarkable muscle, the sentinel of social security, has properties belonging to both voluntary and involuntary groups. Its fibres are striated and they contract in response to volition; but they retain their microscopic structure and their reaction to electric stimulation after section of their nerve supply, and they contract as part of the prdtective reflex when the abdominal pressure is suddenly raised.
Control means the curbing of something that is about to take place, and therefore implies the knowledge of such an impending event. The awareness of impending deftecation implies two types of sensation: (a) The sensation of distension of the muscular coats of the rectum which starts the unconscious defecation reflex and also gives the conscious warning that the trigger has been pulled. (b) Recto-anal sensation, which gives information on the nature of the material about to be expelled, whether it is solid, liquid or gas.
With this information available, the external sphincter is brought into action to restrain the passage of fxces or flatus till an appropriate moment. These conservative resections have had a bad press because they usually give imperfect control, and because, when performed for cancer, they are often followed by local recurrence. The control is imperfect because surgeons are apt to regard defeecation as an anal rather than a rectal function, and control as the simple affair of a purse string pulled by the cerebral cortex. Without the local nervous mechanism in the rectal wall, involuntary control is destroyed. Without the awareness of rectal distension voluntary control is illusory, and without the ability to distinguish fluid from solid it may be surprised. Satisfactory function after conservative resection is only possible therefore if the rectal walls are preserved, and if some portion of the sensitive ano-rectal mucous membrane remains.
It follows, first, that there is no place for conservative resection in cancer unless the growth is well above the pelvic floor. And secondly that in conservative resection for nonmalignant conditions the rectal wall with its contained nervous plexus must be preserved. Submucous resection of the rectum in non-malignant conditions has been advocated and practised by Mark Ravitch and by John Devine, whose article will shortly appear in Surgery Gynecology and Obstetrics. CONCLUSION What lessons may we, as proctological surgeons, derive from this review?
(1) First we must remind ourselves, our colleagues, our patients, and the public, that the large bowel is a normal and necessary piece of apparatus, and must wage unceasing war on coprophobia and the blood-suckers who prey upon it.
(2) Secondly we must continue to study the interrelation between the mind and the colon. We know that under conditions of stress barium may appear in the transverse colon ten minutes after it has been swallowed. We know that mental stress long continued appears to be a causative factor in many cases of ulcerative colitis, and may, as I believe, be a contributory factor in Crohn's disease. We know that the exteriorized colon can be trained to behave by intelligent discipline, and that the disordered mind and disordered colon of the neurotic play upon each other.
(3) Thirdly in discussing resections for disease we should consider the large bowel as a whole. A healthy colon is an asset, a bad colon a liability. The colon changes its function progressively; large sections can be removed without grave loss, and on the whole the distal or storage part can be spared more easily than the proximal or digestive part. The ileo-caecal sphincter should not be sacrificed lightheartedly, for its removal throws two entirely distinct departments of the digestive mechanism into one.
(4) Lastly we must remember that normal deftecation is essential to health and happiness, and that abnormal defxecation through the normal aperture may be a fate considerably worse than well-trained colostomy.
My review has touched upon the comparative anatomy and physiology of the large bowel, and the elaborate overlay of mystery, folklore, and old wives' medicine that has grown round that very.useful organ, but it has also brought us to the very foundation of medicine. The one sure basis of sound medicine is the belief that nature is always right, and that the duty of the physician is to study what she is doing, to help her in the very few instances when she is in difficulty, but never to nag or interfere with her while she is doing a job that she knows far more about than we do. We must accept as axiomatic that all parts of the body are perfectly designed for the job they are intended to do, for their design is the result of improvements and adaptations over millions of years on the original blueprint, and each modification has been produced to meet some functional need. The workings of evolution have been directed towards function rather than form, and we find therefore the greatest similarity among different species in those parts which perform a similar function, the greatest difference in those whose function differs. All mammals see; their eyes are very much the same. They all hear; their internal ears are almost identical except in size. They all run about; their femora, tibia, humeri and radii are built on the same basic pattern, from the giraffe to the dachshund; but they run on very different surfaces, so the hand and foot of man, the most primitive of all mammals, have been modified into the claws of the mole, the pad of the hare and the hoof of the horse. They differ most of all in their diet, and therefore we find the greatest modifications in the teeth, the stomach, and the large bowel.
But all these structures are fundamentally right; and we interfere with them at our peril.
As proctologists we may translate the old adage "Mens sana in corpore sano" into "normal deftcation brings a contented mind" and normal deftcation in turn comes from equanimity and common sense. "Sanum e sana mente nascitur corpus."
